TITLE OF THB IWVKNTIOW 

FUEL CELL AND FUEL CELL DEVICE 

BACKGROUND OF THE INVENTION 
Field Of the Invention 

The present Inventions relate to fuel cells and fuel cell 
devices . 

Description of the Prior Art 

Today, fuel cells are attracting attentions as the energy 
source in next generation. A fuel cell has two kinds of 
electrodes, a fuel electrode and an oxygen electrode, and 
generates electricity by oxidizing fuel at its fuel electrode 
and reducing oxygen at its oxygen electrode. 

Now, enhancing cell outputs of the fuel cells is becoming 
a hot issue. 

SUMMARY OF THE INVENTION 

Therefore, the objects of the present inventions are to 
provide fuel cells and fuel cell devices capable of Improving 
their cell outputs. 

In order to achieve the above objects, the present 
invention is directed to a fuel cell, comprising: 

a fuel electrode which has a fuel -diffusion layer for 
diffusing fuel; ^ 

an oxygen electrode which has an oxygen -diffusion layer 
for diffusing oxygen; and 

an electrolyte layer which is arranged between the fuel 
electrode and the oxygen electrode, wherein the fuel-diffusion 
layer has higher water-repellency than that of the 
oxygen -diffusion layer. 

Another aspect of the present invention is directed to 
a fuel cell, comprising: 


a fuel electrode which has a fu 1-dif fusion layer for 
diffusing fuel and a fuel -reactive layer for having the fuel 
react, the fuel-reactive layer being in contact with the 
fuel-diffusion layer; 

an oxygen electrode which has an oxygen -diffusion layer 
for diffusing oxygen and an oxygen -reactive layer for having 
the oxygen react, the oxygen-reactive layer being in contact 
with the oxygen-diffusion layer; and 

an electrolyte layer which is arranged between the fuel 
electrode and the oxygen electrode, wherein the fuel -diffusion 
layer has higher water -repellency than that of the 
oxygen -diffusion layer. 

According to the present invention described above, cell 
outputs of fuel cells can be enhanced. Thus, according to the 
present invention, fuel cells and fuel cell devices , which bring 
high cell outputs, can be provided. 

In this invention, it is preferred that each of the 
fuel-diffusion layer and the oxygen-dif fusion layer has at least 
one water-repellent -material- containing layer which contains 
a material having water repellency, and the 
water-repellent-material-containing layer of the 
•fuel-diffusion layer has higher water-repellency than that of 
the oxygen-dif fusion layer. In this case, it is preferred that 
the content of the material having water repellency in the 
water-repellent-raaterial-contalning layer of the 
fuel-diffusion layer is larger than that of the material having 
water repellency in the water -repellent -material -containing 
layer of the oxygen -diffusion layer. 

Further, in this invention, it is also preferred that the 
content of the material having water repellency in the 
water-repellent-material-containing l^Y^^r of the 
fuel -diffusion layer is larger than that of the mat rial having 


water repellency in th water-repellent-material-containing 
layer of the oxygen -diffusion layer by at least 5wt%. 

Furthermore, in this invention, it is also preferred that 
the content of the material having water repellency in the 
water-repellent-material-containing layer of the 
fuel -diffusion layer is 20 to 80wt%. 

Moreover, in this invention, it is also preferred that 
the content of the material having water repellency in the 
water-repellent -material-containing layer of the 
oxygen -diffusion layer is 15 to 65wt%. 

Still further, in this invention, it is also preferred 
that the water-repellent-material-containing layer of the 
fuel-diffusion layer and the 

water-repellent -material-containing layer of the 
oxygen-diffusion layer include a conductive material, 
respectively, in which the conductive material in the 
water-repellent-material-containxng layer of the 
fuel-diffusion layer has higher water- repellency than that of 
the conductive material in the 

water-repellent-material-containing layer of the 
oxygen-diffusion layer. 

Still further, in this invention, it is also preferred 
that the water-repellent -material-containing layer is a layer 
in which the water repellency material is carried by a part iculate 
conductive material. 

Still further, in this invention, it is also preferred 
that the fuel-diffusion layer has the 

water-repellent -material-containing layers at its both sides. 


Still further, in this invention, it is also pr 


that the oxygen-diffusion layer has the 
water-repellent -material-containing layers at its both sides. 

Still further, in this invention, it is also preferred 
that the water contact angle on the surface of the fuel -diffusion 
layer is larger than the water contact angle on the surface of 
the oxygen -diffusion layer by at least 5°. 

Still further, in this invention, >t is also preferred 
that the water contact angle on the surface of the fuel -diffusion 
layer is 100 to 160". 

Still further, in this invention, it is also preferred 
that the water contact angle on the surface of the 
oxygen -diffusion layer is 90 to ISO**. 

Still further, in this invention, it is also preferred 
that the fuel cell uses hydrogen as fuel. 

Another aspect of the present invention is directed to 
a fuel cell devise, comprising a fuel cell as described above. 

Further, another aspect of the present invention is 
directed to a fuel cell devise, comprising- 
a fuel cell main body which includes 

(a) a fuel electrode which has a fuel- diffusion layer 
for diffusing fuel; 

(b) an oxygen electrode which has an oxygen -diffusion 
layer for diffusing oxygen, the fuel- diffusion 
layer having higher water-repellency than that of 
the oxygen-diffusion layer; and 

(c) an electrolyte layer which is arranged between 
the fuel electrode and the oxygen electrode; 

fuel supply means for supplying fuel to the fuel electrode ; 

and 


oxygen supply means for supplying gas containing oxygen 
gas to the oxygen electrode. 

In this invention , it is preferred that the fuel cell device 
further comprises water supply means for supplying water to the 
oxygen electrode. 

These and other objects, structures and advantages will 
be readily apparent from the following description of the 
preferred embodiments and examples taken in conjunction with 
the applied drawings. 

BRIEF DBSCRIPTIOW OF THK DRAWINGS 

FIG. 1 is a schematic vert leal cross-sectional view showing 
an embodiment of a fuel cell of the present invention; 

FIG- 2 is a circuit diagram showing an embodiment of a 
fuel cell device of the present invention; and 

FIG. 3 is a graph showing the current density - voltage 
relations of the fuel cells in the examples. 

DBT&ILBD DBSCBIFTIOM OF THB PREFBRRBD EMBODIMENTS 

The important thing to enhance a cell output of a fuel 
cell is the water balance in the fuel cell . As described above, 
a fuel cell generates electricity by oxidizing fuel at its fuel 
electrode and reducing oxygen at its oxygen electrode. At this 
time, water is generated at the oxygen electrode, and hydrogen 
ions are generated at the fuel electrode. These hydrogen ions 
move to the oxygen electrode , taking water molecules . Therefore , 
in the fuel cell that is generating electricity, there is a 
tendency that water increases in the oxygen electrode , and water 
decreases in the hydrogen electrode. When the amount of water 
in the oxygen electrode becomes too large, the oxygen becomes 
apt to not enter the oxygen electrode, and the supply of the 
oxygen to the oxygen electrode becomes insuffici nt. 
Furthermore, when the amoxint of water in the fuel electrode 


becomes too small, the efficiency of generating hydrogen ions 
decline » These phenomena decrease a cell output of the fuel 
cell. 

The inventors of the present invention aimed their 
attention to such a mechanism of the cell output decrease . Then , 
the inventors considered that if the water balance in the fuel 
cell could be maintained satisfactorily and the water amount 
in both of the oxygen electrode and the fuel electrode could 
be kept properly, the cell output of the fuel cell could be 
prevented from being decreased so that the cell output could 
be enhanced. From this hypothesis, the inventors achieved the 
present invention. 

Hereinafter, the present invention will be described with 
reference to the appended drawings . 

(1) Overview of a fuel cell 

FIG. 1 is a schematic vertical cross -sectional view showing 

an embodiment of a fuel cell of the present invention. 

As shown in FIG. 1, a fuel cell 1 of the present invention 
has a fuel electrode 4 equipped with a fuel-reactive layer 41 
and a fuel-diffusion layer 42, an oxygen electrode 5 equipped 
with an oxygen-reactive layer 51 and an oxygen-dlf fusion layer 
52, an electrolyte layer 3 that is provided between the fuel 
electrode 4 and the oxygen electrode 5 and is in contact with 
the fuel-reactive layer 41 and the oxygen- reactive layer 51, 
a fuel -electrode- side cell frame 7 that is in contact with the 
fuel electrode 4 , and an oxygen-electrode- side cell frame 8 that 
is in contact with the oxygen electrode 5. Moreover, the 
fuel-diffusion layer 42 has a fuel -diffusion- layer core portion 
421^ a fuel-electrode-outside 

water-repellent-material-containing layer 422 , and a 
fuel - electrode - ins ide water-repellent -material -containing 


layer 423. Also, the oxyg n-dlf fusion layer 52 has an 
oxygen-diffusion-layer core portion 521, an 
oxygen-electrode-outside 

water-repellent -material-containing layer 522, and an 
oxygen-electrode-inside water-repellent-material-containing 

layer 523. 

In the fuel cell 1, the electrolyte layer 3, the 
fuel-reactive layer 41 joined to one surface of the electrolyte 
layer 3. and the oxygen-reactive layer 51 joined to the other 
surface of the electrolyte layer 3 constitute a reactive portion 
21, a portion where chemical reactions occur and electricity 
is generated. In the fuel cell 1, the fuel electrode 4. the 
oxygen electrode 5 , and the electrolyte layer 3 provided between 
the fuel electrode 4 and the oxygen electrode 5 constitute a 
layered body (laminated body) 29. 

in the present specification, for convenience of 
description of the fuel cell 1, the position relatively close 
to the electrolyte layer 3 is referred to as an -inside", and 
the position relatively far from the electrolyte layer 3 is 
referred to as an "outside". 

The fuel cell 1 shown in FIG. 1 is a type of a fuel cell 
that uses hydrogen as fuel, and can generate electricity by 
oxidizing the hydrogen supplied to the fuel electrode 4 and 
reducing oxygen in the air supplied to the oxygen electrode 5. 

In the fuel cell 1 of the present invention, the ^jateri. 
-T^Ap^n^ncv of jhe fuel- diffusion layer^2 is prescribed to be 
higher than that of the oxygen -diffusion layer 52. More 
specifically, in the fuel cell 2^ ^f the present embodiment, that 
thewater repellency of the fuej.dif fusion layer 42 is set higher 
than that of the oxygen-dif fission layer 52 is done by making 
the water repellency of the fuel-el ctrode- inside 


water-repellent -material-containing layer 423 and the 
fuel-electrode-outside water-repellent -material -containing 
layer 422 higher than that of the oxygen-electrode- inside 
water-repellent -material-containing layer 523 and the 
oxygen-electrode-outside 

water-repellent -material- containing layer 522. 

By this prescription, the water balance in the fuel cell 
1 can be kept in a state appropriate to generating electricity, 
in addition, as in the fuel cell 1 of the present invention, 
if the water repellency of the fuel- diffusion layer 42 and the 
oxygen -diffusion layer 52 is adjusted, the water balance in the 
fuel cell 1 can be kept in a state appropriate to generating 
electricity without increasing electric resistances of the 
fuel-reactive layer 41 and the oxygen -reactive layer 51. 

Hereinafter, the fuel cell 1 Is described in detail on 
a component basis. 

(2) Fuel electrode 4 

The fuel electrode {negative electrode; anode) 4 is 
composed of . in the order from the outside, the fuel- diffusion 
layer 42 having the fuel-eleotrode-outside 
water- repellent -material -containing layer 422, the 
fuel-diffusion-layer core portion 421, and the 
fuel-electrode-inslde water-repellent -material-containing 
layer 423, and the fuel-reactive layer 41 joined to the 
fuel-diffusion layer 42. 

(2-1) Fuel-diffusion layer 42 

The fuel-diffusion layer 42 has a function of diffusing 
hydrogen supplied to the fuel electrode 4 and lessening 
nonunif ormity of the hydrogen supply to the fuel-reactive layer 
41. The fuel-diffusion layer 42 also provides a path for 
electricity generated in the fuel-reactive layer 41. Moreover, 
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the fuel-diffusion layer 42 plays a role in keeping th water 
balance in the fuel cell 1 in a state appropriate to generating 
electricity, with the oxygen -diffusion layer 52, which is 
described later. 

From this viewpoint, in the fuel cell 1 of the present 
embodiment, at both sides of the fuel-diffusion layer 42 are 
provided layers containing a water-repellent material . Thereby , 
the above-mentioned effects can be obtained more effectively. 
In the present specification, for convenience of description, 
the layer containing a water-repellent material (hydrophobic 
material) is usually referred to as a 
"water-repellent -material-containing layer" . 

Hereinafter, the fuel -diffusion layer 42 is described in 
more detail. 

AS shown in FIG. I, the fuel -diffusion layer 42 has a 
structure in which water-repellent -material-containing layers 
are respectively provided on both surfaces of the 
fuel-diffusion-layer core portion (core layer) 421 constituting 
a main portion of the fuel-diffusion layer 42. In the present 
specification, for convenience of description. the 
water-repellent-material-containing layer provided at the 
outside of the fuel-diffusion layer 42 is usually referred to 

^jjQ "fuel-electrode-outside 

water-repellent-material-containing layer 422", and the 
water- repellent -material -containing layer, provided at the 
inside of the fuel -diffusion layer 42 is usually referred to 

the -fuel- electrode-inside 

water-repellent -material-containing layer 423". 

In other words , the f uel-<?^^|f psion layer 42 has a structure 
in which the fuel-electrode-outside 

wat r-repell nt -material- containing layer 422 is provided on 


an outer surf ace of the fuel-diffusion-layer core portion 421 
and the fuel-electrode-inside 

water-repellent-raaterial-containing layer 423 is provided on 
an inner surface of the fuel-diffusion-layer core portion 421. 

(2»1*1) Fuel-diffusion- layer core portion 421 

The fuel-dif fusion-layer core portion 421 constitutes a 
main portion of the fuel-dif fusion layer 42. In this 
fuel-diffusion-layer core portion 421 , hydrogen supplied to the 
fuel electrode 4 is well diffused. The fuel-diffusion-layer 
core portion 421 also provides a path for electricity generated 
in the fuel-reactive layer 41. Moreover, the 

fuel-dif fusion- layer core portion 421has afunction of enhancing 
the strength of the fuel cell 1. 

The fuel-diffusion-layer core portion 421 is composed of, 
for example , a porous conductive material represented by a porous 
carhon material such as carbon fiber fabric (e.g.. carbon cloth, 
carbon felt, and the like), carbon paper, and etc.; and so on. 
Thereby, the fuel-diffusion-layer core portion 421 can exhibit 
the above-mentioned function well. 

It is especially preferable that the fuel-dif fusion-layer 
core portion 421 be composed of the carbon fiber fabric such 
as carbon cloth, carbon felt, and the like. The carbon fiber 
fabric is excellent in a property of hydrogen diffusion. The 
carbon fiber fabric is also excellent in enhancement of the 
strength of the fuel cell 1. 

The thickness of the fuel- diffusion-layer core portion 
421 should be set preferably in a range of about 50 to 2000 \im 
and more preferably in a range of about 100 to 800 fim though 
not particularly limited. If the fuel-diffusion-layer core 
portion 421 is too thin, the strength of the fuel cell 1 may 
decline. In addition, if the fuel-dif fusion -layer core portion 
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421 is too thin, the fuel-dif fusion-layer core portion 421 may 
not diffuse hydrogen gas efficiently. On the other hand, if 
the fuel-diffusion- layer core portion 421 is too thick, 
efficiency of hydrogen gas supply to the fuel-reactive layer 
41 may be decreased. 

(2.1*2) Puel-eleotrode-lnside 
water-repellent-material-contalnlng layer 423 

The fuel -electrode -inside 

vater-repellent -material-containing layer 423 plays an 
important role in adjusting the water repellency of the 
fuel -diffusion layer 42, with the fuel-electrode-outside 
water-repellent -material-containing layer 422. Furthermore, 
the fuel-electrode-inside 
water-repellent -material- containing layer 423 provides paths 
for hydrogen gas and electricity. 

From such a viewpoint, the fuel -electrode -inside 
water-repellent -material -containing layer 423 in the fuel cell 
1 of the present embodiment contains a material having water 
repellency (hydrophobicity) (in the present specification, 
usually referred to as a 'water-repellent material") and a 
conductive material. That the fuel-electrode-inside 
water-repellent-matericLL-containing layer 423 contains the 
vater- repellent material makes it easy to adjust the water 
repellency of the fuel-electrode-inside 

water-repellent-material-containing layer 423 and also the 
fuel -diffusion layer 42 as the effects described later is well 
obtained. That the fuel-electrode-inside 

water-repelleht-material-containing layer 423 contains the 
conductive material (e.g., a carbon mat^|4^^al such as carbon 

powder and the like ) brings the f uel-dif f usi9p layer 42 excellent 

p 

conductivity. 

It is preferable that the fuel-electrode-inside 
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water-repellent -material-containing layer 423 have a 
constitution in which the water-repellent material is carried 
by a particulate conductive material (e.g., carbon powder and 
the like) . This constitution allows the hydrogen gas to pass 
through the fuel-electrode-inside 

water- repellent -material -containing layer 423 well. In the 
case where the conductive material is particular, the average 
particle diameter should be set preferably in a range of about 
0.01 to 0.1 though not particularly ^limited. 

Examples of the water-repellent material contained in the 
fuel-electrode- inside water-repellent -material-containing 
layer 423 include a fluorine material such as f luorocarbon resin 
g polytetraf luoroethylene , 

tetraf luoroethylene-perf luoroalkylvinylether copolyiher , 
tetrafluoroethylene-hexafluoropropylene copolymer, and the 
like) and carbon fluoride, silicone resin, polyethylene, 
polystyrene, and etc. 

As the water-repellent material used for the 
fuel-electrode-inslde water -repellent -material -containing 
layer 423, f luorocarbon resin such as poly tetraf luoroethylene , 
tetraf luoroethylene-perf luoroalkylvinylether copolymer, 
tetraf luoroethylene -hexafluoropropylene copolymer, and the 
like is especially preferable. Thereby, the 

fuel-electrode-inside water- repellent -material- containing 
layer 423 can gain relatively high water-repellency with a 
relatively low content of the water-repellent material. This 
situation allows the fuel -electrode -ins ide 

water-repellent -material-containing layer 423 to contain a 
relatively large amount of conductive material so as to make 
it easy to enhance the conductivity of the fuel -diffusion layer 
42. in particular , when polytetraf luoroethylene is used as the 
water-repellent material for the fuel- electrode -inside 
water-repellent -material-containing layer 423, hydrog n gas 
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pexroeability . of the fuel- electrode -inside 

water-repellent -material- containing layer 423 is enhanced. 


The thickness of the fuel -elect rode -inside 
water-repellent -material -containing layer 423 should be set 
preferably in a range of about 2 to 100 \m and more preferably 
in a range of about 5 to 50 nm thoujgh not particularly limited. 
Thereby, the fuel -electrode -ins ide 

water-repellent-material-containing layer 423 can exhibit the 
above-mentioned functions and effects more satisfactorily. 

^2 13) ruel-electrode-outalde 
water-repellent -material-containing layer 422 

As described above, the fuel-electrode-outside 
water-repellent-material-containing layer 422 plays an 
important role in adjusting water repellency of the 
fuel-diffusion layer 42, with the fuel-electrode- inside 
water-repellent -material -containing layer 423. Furthermore, 
^jj^ fuel-electrode-outside 

water-repellent -material -containing layer 422 provides paths 
for hydrogen gas and electricity. 

preferable conditions of the fuel-electrode-outside 
water- repellent -material -containing layer 422, such as 
materials , the thickness . and the like are same as those described 
in the section of the fuel -electrode -ins ide 
water-repellent-material-containing layer 423. Therefore, 
description about these is omitted here. 

In the fuel cell 1 of the present embodiment, the water 
repellency of the above-mentioned fuel-electrode-outside 
water-repellent-material-containing layer 422 and the 
fuel-electrode-inside water-rejpellent-material-contalning 
layer 423 is higher than that of the 
water-repellent-material-containing layers of the 


oxygen -diffusion layer 52, which is described later. Detail 
about this point is described after explaining the oxyg n 
electrode 5 . 

(2.2) Fuel-reaotlve layer 41 

The fuel-reactive layer 41 contains a catalyst that 
promotes hydrogen oxidation, and can oxidize the hydrogen, or 
fuel . 

The fuel-reactive layer 41 contains a catalyst that 
promotes hydrogen oxidation^ and, depending on necessity, a 
carrier for czirrying the catalyst and ion-exchange resin. 

As the catalyst, for example, transition metal such as 
platinum metal (platinum (Pt), ruthenium (Ru), rhodium (Rh), 
palladixjm (Pd), osmiiim (Os), iridium (ir), and the like), gold 
(Au) and etc.. alloys of these metals, alloys of these metals 
and other metals, and so on are used. 

It is especially preferable to use platinum or a platinum 
alloy as the catalyst of the fuel- reactive layer 41. Platinum 
and the platinxam alloy are excellent in the function of promoting 
hydrogen oxidation. Therefore, if platinum or the platinum 
alloy is used as the catalyst of the fuel electrode 4, the fuel 
cell 1 can oxidize hydrogen efficiently in the fuel electrode 
4, and its cell output will be enhanced. 

It is preferable that the above-mentioned catalyst be in 
the form of particles (fine particles) . Thereby, the specific 
surface area of the catalyst is increased, and efficiency of 
the hydrogen oxidation is enhanced. 

In this case . the average particle diameter of the catalyst 
particles should be set preferably in a range of about 1 to 1000 
nm though not particularly limited. Furthermore, the specific 
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surface area of tlie catalyst particles should be set preferably 
in a range of about 5 to 300 m^/g. Thereby, efficiency of the 
hydrogen oxidation is further enhanced. 

In the case where the catalyst is in the form of particles, 
it is recommended that such a catalyst be carried (supported) 
by a carrier (support). Thereby, the fuel-reactive layer 41 
can hold the catalyst well* 

As the carrier of the catalyst, for example, a carbon 
material such as carbon powder and the like can be used. The 
Ccurbon material has an excellent ability of carrying the catalyst . 
Furthermore, if the catalyst is carried by the Ccurbon materials 
the conductivity of the fuel-reactive layer 41 is enhanced, so 
that the internal resistance of the fuel cell 1 is decreased. 
Therefore, the cell output of the fuel cell 1 is augmented. 

In the case where the particulate carrier such as carbon 
powder and the like is used as the carrier of the catalyst, its 
average particle diameter should be set preferably in a range 
of about 0 . 01 to 1 though not particularly limited . Thereby , 
the carrier can carry the catalyst as the catalyst exhibits an 
excellent catalytic activity. 

It is preferable that the fuel-reactive layer 41 contain 
ion-exchange resin. Thereby, hydrogen ions generated in the 
fuel-reactive layer 41 can move smoothly into the electrolyte 
layer 3- Therefore, the fuel cell 1 can generate electricity 
more efficiently. 

As such ion-exchange resin, same kind of resin that is 
listed in the section of the electrolyte layer 3, which is 
described later, can be used. 

The fuel-reactive layer 41 should contain the catalyst 
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with content preferably In a range of about 1 to 80 wt% and more 
preferably in a range of about 10 to 50 wt% though the content 
varies slightly depending upon the kind of the catalyst, the 
presence /absence and Itind o£ submaterials (carrier, 
ion-exchange resin), and etc. If the content of the catalyst 
is too small , the fuel-reactive layer 41 may not be able to oxidize 
hydrogen sufficiently, and its cell output may be decreased. 

In the case where the fuel-reactive layer 41 contains the 
carrier that carries the catalyst, the fuel-reactive layer 41 
should contain the carrier with content preferably in a range 
of about 5 to 60 wt% and more preferably in a range of about 
10 to 40 wt% though the content varies slightly depending upon 
the kind, content, and etc. of the catalyst. Thereby, the carrier 
can carry the catalyst more satisfactorily. Furthermore, 
conductivity of the fuel-reactive layer 41 can be enhanced. 

In the case where the fuel-reactive layer 41 contains the 
ion-exchange resin, the fuel-reactive layer 41 should contain 
the ion-exchange resin with content preferably in a range of 
about 5 to 60 wt% and more preferably in a range of about 10 
to 40 wt% though the content varies slightly depending upon the 
kind, content , and etc . of the catalyst . Thereby . hydrogen ions 
can move into the electrolyte layer 3 more smoothly. 

The thickness of the fuel-reactive layer 41 should be set 
preferably in a range of about 1 to 100 ^m, more preferably in 
a range of about 1 to 50 |uun though it varies slightly depending 
upon the materials composing the fuel-reactive layer 41, If 
the fuel-reactive layer 41 is too thick, it may become uneasy 
that hydrogen, hydrogen ions, and the like move in the 
fuel-reactive layer 41. 

(3) Blectr lyte layer 3 

The electrolyt layer 3 contains an electrolyte, and has 
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a function as a medium for hydrogen ions to move. 


The electrolyte layer 3 can be composed of, for example, 
ion-exchange resin (solid electrolyte) such as Nafion 
(Trademark), a water-retaining material (e.g., woven fabric, 
nonwoven fabric, paper, and the like) carrying (impregnated with) 
an electrolyte solution such as sulfuric acid and the like, and 
so on. 

In the fuel cell 1 of the present invention, if the 
electrolyte layer 3 is composed of the ion- exchange resin, the 
cell output of the fuel cell 1 is especially enhanced. 

The thickness of the electrolyte layer 3 should be set 
preferably in a range of about 1 to 1000 \m and more preferably 
in a range of about 10 to 100 yaa though not particularly limited. 
If the electrolyte layer 3 is too thick, it may become uneasy 
for the hydrogen ions to move in the electrolyte layer 3, and 
this situation may provoke a decrease of the cell output. In 
contrast, if the electrolyte layer 3 is too thin, hydrogen may 
markedly permeate into the oxygen electrode 5 . so that a decrease 
of output voltage may be brought about. Turthermore. in this 
case, the mechanical strength of the layered body 29 may be 
relatively decreased. Therefore, if such a fuel cell 1 is 
installed in a vehicle or the like, the electrolyte layer 3 may 
rupture under certain vibrating conditions. 

(4) Oxygen electrode 5 

The oxygen electrode (positive electrode; cathode) 5 is 
composed of. in the order from outside, the oxygen-diffusion 
layer 52 having the oxygen-electrode-outside 
water-repellent-material-containing layer 522, the 
oxygen-diffusion-layer core portion 521. and the 
oxygen - electrode - ins ide water-repellent -material - containing 
layer 523, and the oxygen -reactive layer 51 joined to the 
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oxygen -diffusion layer 52. 


(4.1) Oxygen-dlffusi n layer 52 

The oxygen-diffusion layer 52 has a function of diffusing 
oxygen supplied to the oxygen electrode 5 and lessening 
nonuniform! ty of the oxygen supply to the oxygen -reactive layer 
51. The oxygen -diffusion layer 52 also provides a path for 
electricity to the oxygen -reactive layer 51. Moreover, the 
oxygen "diffusion layer 52 plays a role in keeping the water 
balance in the fuel cell 1 in a state appropriate to generating 
electricity, with the fuel -diffusion layer 42. 

From this viewpoint, in the fuel cell 1 of the present 
embodiment, at both sides of the oxygen -diffusion layer 52 are 
provided layers containdLng a water-repellent material . Thereby, 
the above-mentioned effects can be obtained more effectively • 

Hereinafter, the oxygen- diffusion layer 52 is described 
in more detail. 

As shown in FIG. 1, the oxygen-diffusion layer 52 has a 
structure in which water-repellent -material -containing layers 
are respectively provided on both surfaces of the 
oxygen -diffusion -layer core portion (core layer) 521 
constituting a main portion of the oxygen -diffusion layer 52. 
In the present specification, for convenience of description, 
the water-repellent -material- containing layer provided at the 
outside of the oxygen-diffusion layer 52 is usually referred 
to as the "oxygen-electrode-outside 

water-repellent-material-containii^g layer 522' , and the 
water-repellent -material-containing layer provided at the 
inside of the oxygen-diffusion layer 52 is usually referred to 
as the '"oxygen-electrode- inside 

water-repellent-material-containing layer 523*. 
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In other words, the oxygen-diffusion layer 52 has a 
structure in which the oxygen-electrode-outside 
water-r pellent -material- containing layer 522 is provided on 
an outer surface of the oxygen-dlf fusion- layer core portion 521 , 
and the oxygen -electrode -inside 

water- repellent -material -containing layer 523 is provided on 
an inner surface of the oxygen-dif fusion -layer core portion 521 . 

(4. 1.1) Oxygen-dlf fusion -layer core portion 521 

The fuel-diffusion-layer core portion 521 constitutes a 
main portion of the oxygen-diffusion layer 52. In this 
oxygen-diffusion-layer core portion 521, oxygen supplied to the 
oxygen electrode 5 is well diffused. The 
oxygen -diffusion -layer core portion 521 also provides a path 
for electricity to the oxygen -reactive layer 51 . Moreover, the 
O3cygen-diffusion-layer core portion 521 has a function of 
enhancing the strength of the fuel cell 1. 

Pref arable conditions of the oxygen -diffusion -layer core 
portion 521 such as a material, the thickness, and the like of 
the oxygen-diffusion- layer core portion 521 are same as those 
described in the section of the f uel -diffusion- layer core portion 
421. Therefore, the description about them is omitted here* 

(4«1«2) Oxygen- electrode- inside 

water-repellent-material-oontainlng layer 523 

The oxygen- electrode -inside 

water-repellent -material- containing layer 523 plays an 
important role in adjusting the water repellency of the 
oxygen-diffusion layer 52, with the oxygen-electrode-outside 
water-repellent-material-containing layer 522. Furthermore, 
the 9?cygen- electrode- ins ide 

water-repellent-material-containing JL .^yer 523 provides paths 
for oxygen gas and electricity < 
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Preferable conditions except those described later such 
as materials, the thickness. and the like of the 
oxygen-electrode-inside water-repellent-material-containing 
layer 523 are same as those described in the section of the 
fuel - electrode - ins ide wat er- repellent -material - containing 
layer 423. Therefore, the description about them is omitted 
here . 

(4.1.3) Oxygen-eleotrode- outside 

water-repellent-materlal-contalning layer 522 

As described above, the oxygen-electrode-outside 
water-repellent-material-containing layer 522 plays an 
important role in adjusting water repellency of the 
oxygen-diffusion layer 52, with the oxygen- electrode- ins ide 
water-repellent -material- containing layer 523. Furthermore, 
^he oxygen-electrode-outside 
water-repellent-material-containing layer 522 provides paths 
for oxygen gas and electricity. 

Preferable conditions of the oxygen-electrode-outside 
water-repellent-material-containing layer 522 such as 
materials, the thickness, and the like of the 
oxygen- electrode - outside 

water-repellent-material-containing layer 522 are same as those 
described in the section of the oxygen-electrode-inside 
water-repellent-material-containing layer 523. Therefore, 
the description about them is omitted here. 

As described above, in the fuel cell 1 of the present 
embodiment, the water repellency of the 
oxygen-electrode-outside 

water-repellent-material-contaihing layer 522 and the 
oxygen-electrode- inside water-repellent -material-containing 
layer 523 is lower than that of the fuel-electrode-outside 
water-repellent-roaterial-containlng layer 422 and the 


fuel-electrode-inside water-repellent-material-containing 
layer 423 . Detail about this point is describedafter explaining 
th oxygen -reactive layer 51. 

(4.2) Oxygen-reactive layer 51 

The oxygen -reactive layer 51 contains a catalyst that 
promotes oxygen reduction, and can reduce the oxygen. 

The oxygen -reactive layer 51 contains a catalyst that 
promotes oxygen reduction, and, depending on necessity, a carrier 
for carrying the catalyst emd ion-exchange resin. 

As the catalyst, for example, transition metal such as 
platinum metal (platinum (Pt), ruthenium (Ru), rhodium (Rh), 
palladium (Pd), osmium (Os), iridium (Ir), and the like), gold 
(Au) and etc», alloys of these metals, alloys of these metals 
and other metals, and so on are used. 

It is especially preferable to use platinum or a platinum 
alloy as the catalyst of the oxygen -reactive layer 51 . Platinum 
and the platinum alloy are excellent in the function of promoting 
oxygen reduction • Therefore , if platinum or the platinum alloy 
is used as the catalyst of the oxygen electrode 5, the fuel cell 
1 can reduce oxygen efficiently in the oxygen electrode 5, and 
its cell output will be enhanced. 

It is preferable that the above-mentioned catalyst be in 
the form of particles (fine particles) . Thereby, the specific 
surface area of the catalyst is increased, and efficiency of 
the oxygen reduction is enhanced. In this Ccise, preferable 
conditions of the catalyst (average particle diameter, specific 
surface area, and the like) of the oxygen -reactive layer 51 are 
same as those described in the section of the fuel -reactive layer 
41. 
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In the case where the catalyst is in the form of particles , 
It is recommended that such a catalyst be carri d by a carrier. 
Thereby, the oxygen -reactive layer 51 can hold the catalyst well . 
The description about the carrier in the section of the 
fuel-reactive layer 41 can be applied to this carrier. 

It is preferable that the oxygen-reactive layer 51 contain 
ion-exchange resin. Thereby, hydrogen ions moved from the 
electrolyte layer 3 can move smoothly into the oxygen-reactive 
layer 51- Therefore, the fuel cell 1 can generate electricity 
more efficiently . The description about the ion - exchange res in 
in the section of the fuel-reactive layer 41 can be applied to 
this ion-exchange resin. 

Preferable conditions of the oxygen-reactive layer 51, 
such as contents of the catalyst , the carrier , ion -exchange resin 
contained in the oxygen- reactive layer 51, the thickness of the 
oxygen -reactive layer 51, and etc. are same as those described 
in the section of the fuel-reactive layer 41. Therefore, the 
description about them is omitted here. 

(4.3) Difference of the water -ropellenoy between the 
fuel- diffusion layer 42 and the oxygen-diffusion layer 52 

(4.3.1) 

The fuel cell 1 generates electricity by oxidizing fuel 
in the fuel -reactive layer 41 and reducing oxygen in the 
oxygen -reactive layer 51. At this time, water is generated 
in the oxygen -reactive layer 51. In addition, hydrogen ions 
are generated in the fuel -reactive layer 41. These hydrogen 
ions move into the oxygen -reactive layer 51 through the 
electrolyte layer 3, taking water molecules - 

Therefore, while the fuel cell 1 is running, there is a 
tendency that wat r d creases in the fuel -reactive layer 41 and 


22 


water Increases in the oxygen -reactive layer 51 . However, when 
the amount of water becomes excessive in the oxygen -reactive 
layer 51 , oxygen becomes apt to not move into the oxygen -reactive 
layer 51 from the oxygen -diffusion layer 52. In other words, 
when the amount of water in the oxygen-reactive layer 51 becomes 
too large, the oxygen becomes unlikely to be supplied to the 
oxygen -reactive layer 51 . In addition, when the amount of water 
becomes too small in the fuel-reactive layer 41, efficiency of 
generating hydrogen ions is decreased • ^ 

The inventors of the present invention considered that 
they could solve this problem and make the fuel cell 1 generate 
electricity efficiently if the amount of water in the 
oxygen-reactive layer 51 was prevented from being excessively 
increased and the amount of water in the fuel-reactive layer 
41 was prevented from being excessively decreased. 

For this purpose , in the fuel cell 1 of the present invention , 
the water repellency of the fuel -diffusion layer 42 is prescribed 
to be higher than that of the oxygen- diffusion layer 52. 

When the water repellency of the fuel -diffusion layer 42 
is prescribed to be higher than that of the oxygen -diffusion 
layer 52 , i . e . , when the water repellency of the oxygen-dif fusion 
layer 52 is prescribed to be lower than that of the fuel-diffusion 
layer 42, water in the oxygen-reactive layer 51 is encouraged 
to pass through the oxygen-dif fusion layer 52 and to be discharged 
efficiently out of the oxygen electrode 5. In addition, water 
in the fuel -reactive layer 41 is encouraged to not enter the 
fuel -diffusion layer 42 and, moreover, to not pass through the 
fuel -diffusion layer 42, Therefore, there arises an 
inclination that larger amounts of water are accumulated in the 
fuel-reactive layer 41, 

Accordingly, in the fuel cell 1 of the present invention. 


th amount of water in the oxygen -reactive layer 51 is prevented 
from being excessively increased, and the amount of water in 
the f u 1-reactive layer 41 is prevented from being excessively 
decreased . Therefore , in the fuel cell 1 of the present invention , 
reactions in the fuel-reactive layer 41 and the oxygen -reactive 
layer 51 are facilitated so that its cell output is enhanced. 

Furthermore , if the water repellency of the fuel-diffusion 
layer 42 and the oxygen-dif fusion layer 52 is adjusted, the water 
balance in the fuel cell 1 can be kept in a fine state even if 
the water repellencies of the fuel-reactive layer 41 and the 
oxygen -reactive layer 51 are not strictly adjusted. 

Generally, fuel-reactive layers and oxygen -reactive 
layers contain ion-exchange resin in most cases. Therefore, 
for example, if the fuel-reactive layer and the oxygen -reactive 
layer were made contain a water-repellent material so as to adjust 
their water repellencies , the conductivity of the fuel-reactive 
layer and the oxygen -reactive layer would diminish . Therefore , 
the internal resistance of the fuel cell would increase so that 
the high cell output would be unlikely to be obtained. 

In contrast, fuel -diffusion layers and oxygen-dif fusion 
layers are usually unnecessary to contain the material which 
decreases conductivity and which is generally contained in the 
fuel-reactive layers and the oxygen -reactive layers . Thus , for 
example, even if the fuel-diffusion layer and the 
oxygen -diffusion layer are made contain a water-repellent 
material so as to adjust the water repellencies of the 
fuel -diffusion layer and the oxygen-dif fusion layer, the 
electric resistances of the fuel-diffusion layer and the 
oxygen- diffusion layer are prevented from being excessively 
increased* 

As a conclusion, if the water repellency of the 


fuel -diffusion layer 42 is prescribed to be higher than that 
of the oxygen -diffusion layer 52 as in the fuel cell 1 of the 
pr sent invention, the water balance in the fuel cell 1 can be 
kept in a state appropriate to generating electricity without 
letting increase enormously the internal resistance of the fuel 
cell 1. It should be noted that such description does not exclude 
the prescription that adds water-repellent materials to the 
fuel-reactive layer 41 and/or the oxygen-reactive layer 51 and 
that makes difference between water repeilency of the 
fuel -reactive layer 41 and that of the oxygen-reactive layer 
51 in the present invention. 

(4.3.2) Difference between the 

water-repellent-materlal-oontalnlng layer in the 
fuel -diffusion layer 42 and that of the oxygen -diffusion layer 
52 

In this section, in order to prevent the description from 
being complicated and make the explanation concise and clear, 
it is assumed that the fuel -electrode -outside 
water-repellent-material-containing layer 422 is included in 
the fuel -electrode- inside 

water-repellent -material -containing layer 423, and that the 
oxy gen - elect rode - out s ide 

water-repellent -material-containing layer 522 is included in 
the oxygen -electrode- ins ide 

water- repellent -material -containing layer 523. 

It is recommended that the difference between the water 
repeilency of the fuel -diffusion layer 42 and that of the 
oxygen-diffusion layer 52 be realized by making difference 
between the water repeilency of the fuel -electrode -ins ide 
water-repellent-material-containing layer 423 and that of the 
oxygen - electrode - inside water- repellent -mat erial - containing 
layer 523. 
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Thereby, it becomes easy to adjust the water repellency 
of the fuel- diffusion layer 42 and the oxygen -diffusion layer 
52 . Furthermore . it becomes very easy to adjust the water balance 
in the fuel cell 1 so as to generate electricity smoothly and 
efficiently. In addition, the increase of the electric 
resistance of the entire fuel-diffusion layer 42 and the entire 
oxygen-diffusion layer 52 can be well suppressed. 

For example, in the fuel cell 1, the water repellency of 
^jjg fuel-electrode -inside 

water-repellent-material-containing layer 423 can be 
prescribed to be higher than that of the oxygen -electrode -Inside 
water-repellent-material-containing layer 523 by setting the 
content of the water-repellent material in the 
fuel -electrode -inside water- repellent -material- containing 
layer 423 higher than that in the oxygen-electrode-inside 
water-repellent-material-containing layer 523. 

If the water repellency is adjusted by the method described 
above, it becomes easy to adjust the water repellency of the 
fuel- electrode - inside water-repellent -material - containing 
layer 423 and the oxygen-electrode-inside 

water-repellent-material-containing layer 523 as the water 
balance in the fuel cell 1 becomes more suitable to generate 
electricity. 

In the case where the water repellency is adjusted by the 
method described above, the content of the water-repellent 
material in the fuel-electrode-inside 

water-repellent-material-containing layer 423 should be 
prescribed to be higher than that in the oxygen -electrode- inside 
water-repellent-raaterial-containing layer 523 preferably by at 
least 5 wt%. more preferably by at least 10 wt%. and further 
more preferably by at least 12.5 wt%. Thereby, an excessive 


increase of the water amount in the oxygen -reactive layer 51 
can be prevented more satisfactorily, and an excessiv decrease 
of the water amount in the fu 1 -reactive layer 41 can also be 
prevented more satisfactorily. 

In such a fuel cell 1, the content of the water-repellent 
material in the fuel-electrode-inside 

water-repellent-material-containing layer 423 should be set 
preferably in a range of about 20 to 80 wt%, more preferably 
in a range of about 30 to 70 wt%, and further more preferably 
in a range of about 45 to 65 wt%. Thereby, the fuel-reactive 
layer 41 can hold an amount of water that is suitahle for generating 
hydrogen ions efficiently and more satisfactorily. 

Furthermore, the content of the water-repellent material 
in the oxygen -electrode-inside 

^ater-repellent-material-containing layer 523 should be set 
preferably in a range of about 15 to 65 wt%, more preferably 
in a range of about 25 fo 55 wt%, and further more preferably 
in a range of about 30 to 50 wt%. Thereby, the oxygen -reactive 
layer 51 can discharge extra water more adequately - 

In such a fuel cell 1, for example, the water repellency 
of the fuel-electrode- inside 

water-repellent -material-containing layer 423 can also be 
prescribed to be higher than that in the oxygen -electrode -inside 
water -repellent -ma terial-contadLning layer 523 by setting the 
water repellency of the conductive material contained in the 
fuel- electrode - ins ide wat er - repellent -mat erial - con t aining 
layer 423 higher than that of the conductive material contained 
in the oxygen-electrode- ins ide 

water-repellent-material-containing layer 523. 

If the water repellency is adjusted by the method described 
above, the water repellency of the fuel-electrode-inside 


water-repellent -material-containing layer 423 and the 
oxygen-electrode-inside water-repellent -material-containing 
layer 523 can be adjusted with skillfully suppressing the 
increase of the electric resistance of the fuel-electrode- inside 
water-repellent -material- containing layer 423 and the 
oxygen- electrode- inside water-repellent-material-containing 

layer 523. 

The degree of the water repellency of the conductive 
material can be indicated by the amount of a hydrophilic group 
contained in the conductive material and the amount of a 
hydrophobic group contained in the conductive material. 

i 

13 In such a fuel cell 1 , it is preferable to set the thickness 

j| the fuel-electrode-inside 

|ij water-repellent -material-containing layer 423 larger than that 

in of the oxygen-electrode-inside 

water-repellent-roaterial-containing layer 523. Thereby, in 
the fuel electrode 4 , the water tends to stay in the fuel -reactive 
^ layer 41 more satisfactorily, and in the oxygen electrode 5, 

*! the water tends to be discharged from the oxygen -reactive layer 

3 51 more properly. 
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Such effects can be obtained more effectively if the 
thickness of the f uel-electrode-lnside 

water-repellent-material-containing layer 423 is set larger by 
at least 5 fun than that of the oxygen-electrode- inside 
water- repellent -material- containing layer 523. 

The thickness of the fuel-electrode-inside 
water-repellent-material-containing layer 423 may be set same 
as that of the oxygen-electrode- inside 

water-repellent -material-containing layer 523. Furthermore, 
^j^g fuel-electrode-inside 
water-repellent-material-containing layer 423 may be made 
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thinner than the oxygen-electrode-inside 

water-repellent -material-contadLning layer 523. 


In such a fuel cell 1 , in the case where the 
fuel - electrode- ins ide water-repellent -material - containing 
layer 423 and the oxygen-electrode-inside 

water-repellent-material-containing layer 523 are porous, it 
is preferable to set the porosity of the fuel- electrode -ins ide 
water-repellent-material-containing lay^r 423 lower than that 
of the oxygen-electrode-inside 

water-repellent-material-containing layer 523. !rhereby, in 
the fuel electrode 4 , the water tends to stay in the fuel-reactive 
layer 41 more nicely, euid in the oxygen electrode 5, unnecessary 
water tends to be discharged from the oxygen -reactive layer 51 
more nicely. 

Such effects can be obtained more effectively if the 
porosity of the fuel-electrode-lnslde 

water-repellent -material-containing layer 423 is set lower by 
at least 5% than that of the oxygen -electrode -inside 
water-repellent -material-containing layer 523 • 

The porosity of the fuel -electrode -ins ide 
water-repellent-material-containing layer 423 may be set same 
as that of the oxygen-electrode- inside 

water-repellent-material-containing layer 523. Furthermore, 
the porosity of the fuel-electrode-lnside 

water-repellent-material-containing layer 423 may be set higher 
than that of the oxygen-electrode-inside 

water-repellent-material-containing layer 523. 

In the case where the fuel-electrode-inside 
water-repellent -material- containing layer 423 is porous, the 
porosity of the fuel-electrode-inside 

water-repellent-material-containing layer 423 should be set 


preferably in a range of about 20 to 70% and more preferably 
in a range of about 35 to 55% though not particularly limited. 
Furthermore, in the case where th oxygen-electrode-inside 
water-repellent -material- containing layer 523 is porous, the 
porosity of the oxygen -electrode -inside 

water-repellent-material-containing layer 523 should be set 
preferably in a range of about 30 to 80% and more preferably 
in a range of about 45 to 65% though not particularly limited. 
Thereby, the above-mentioned effect can be obtained more 
satisfactorily. 

An advantage that the hydrogen becomes apt to pass easily 
through the fuel-electrode-lnside 

water-repellent -material -containing layer 423 is obtained if 
^Ije fuel -electrode -inside 

water-repellent-material-containing layer 423 is made porous . 
Furthermore, an advantage that the oxygen becomes apt to pass 
easily through the oxygen -electrode -inside 

water-repellent -material-containing layer 523 is obtained, if 
the oxygen-electrode-inside 
;^ater-repellent-material-containing layer 523 is made porous. 

It should be remarked that the porosity of the 
fuel -electrode -inside water-repellent -material-containing 
layer 423 and the oxygen-electrode-lnslde 

water-repellent-material-containing layer 523 may not be within 
above-mentioned values. 

In such a fuel cell 1, a water contact angle on the surface 
of the fuel-diffusion layer 42 should be larger than that on 
the surface of the oxygen -diffusion layer 52 preferably by at 
least 5*" and more preferably by at least 10"". Thereby, the fuel 
cell 1 can obtain the above-mentioned effect more effectively • 


In such a fuel cell l , the water contact angle on the surface 


of the fuel-dlffuslon layer 42 should be preferably in a range 
of about 100 to 160° and more preferably in a range of about 
130 to 150°. Thereby, the fuel -diffusion layer 42 allows water 
to stay in the fuel-reactive layer 41 more properly. 

Moreover, in such a fuel cell 1, the water contact angle 
on the surface of the oxygen-diffusion layer 52 should be 
preferably in a range of about 90 to 150" and more preferably 
in a range of about 110 to 130° . Thereby,, the oxygen -dififusion 
layer 52 can discharge water more satisfactorily. 

in the fuel-diffusion layer 42, the water repellency of 

fuel-electrode-inside 

the 

water-repellent -material-containing layer 423 can be set equal 
to or different from that of the fuel-electrode-outside 
water-repellent -material-containing layer 422 . Furthermore , 
in the oxygen-diffusion layer 52. the water repellency of the 
oxygen-electrode-inside water-repellent -material-containing 
layer 523 can be set equal to or different from that of the 
oxygen- elect rode - out s ide 

water-repellent-material-containing layer 522. 

Assuming that F2 represents the water repellency of the 
fuel-electrode-outside water-repellent-material-containing 
layer 422, F3 represents the water repellency of the 
fuel-electrode-lhside water-repellent -material-containing 
layer 423, 02 represents the water repellency of the 
oxygen-electrode-outside 

water-repellent -material-containing layer 522. and 03 
represents the water repellency of the fuel-electrode-inside 
water-repellent -material-containing layer 523, the 
relationships of the water repellencies among these four layers 
can be adjusted, for example, like followings: F2 = F3 > 03 
= 02. F2 a P3 > 03 > 02. P3 > F2 > 03 a 02. F2 a F3 > 02 > 03, 
F3 > F2 > 02 > 03. The relationships of the water repellencies 
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among these four layers may be set other than those above. 

As in the case of fuel cell 1 shown in FIG. 1, in the case 
where the fuel-diffusion layer 42 has plural 
water-repellent-material-containing layers, the 'water 
repellency of a water-repellent -material-containing layer" of 
the fuel- diffusion layer 42 can be indicated by the average of 
the water repellency of each of the water-repellent material 
containing layers. Furthermore, as in the case of fuel cell 
1 shown in FIG. 1, in the case where the oxygen-diffusion layer 
52 has plural water-repellent -material-containing layers, the 
'^water repellency of the water-repellent -material-containing 
layer' of the oxygen-diffusion layer 52 can be indicated by the 
average of the water repfellericy of each of the 
water-repellent -material-containing layers. 

The water repellency of the fuel-diffusion layer 42 may 
be set higher than that of the oxygen-dif fusion layer 52 by making 
the difference between the water repellency of the 
fuel-diffusion-layer core portion 421 and that of the 
oxygen-diffusion-layer core portion 521. 

(5) Cell frame 

In the fuel cell 1, two cell frames (separators) are 
provided as between them is interposed the layered body 29 
mentioned above. More specifically, the fuel -electrode- side 
cell frame 7 and the oxygen- electrode- side cell frame 8 are in 
contact with the fuel electrode 4 and the oxygen electrode 5, 
respectively, and these cell frames support the layered body 
29. 

The fuel-electrode-side cell frame 71s shaped, for example, 
in such a figure that on a board are formed plural grooves , whose 
traverse cross -sectional shapes are rectangular, in parallel. 
In the fuel cell 1 shown in FIG. 1, the fuel-electrode-side cell 


22 


frame 7 Is provided as its side having the grooves 72 faces to 
the fuel electrode 4. In the fuel cell 1, flow paths 71 for 
hydrogen are formed by the grooves 72 . Through these flow paths 
71, hydrogen is supplied to the fuel electrode 4. 

At the side where the grooves 72 are formed, portipns of 
the surface that is not contributing to forming the grooves 72 
are in contact with the fuel electrode 4 (more specifically, 
the fuel-electrode-outside 
water-repellent -material -containing layer 422) . In addition, 
the fuel-electrode-side cell frame 7 is made of, for example, 
a conductor such as carbon • containing resin and the like. Thus , 
the fuel-electrode- side cell frame 7 can function as a negative 
electrode side terminal . Therefore , in the fuel cell 1 , if wiring 
101 is connected to the fuel-electrode-side cell frame 7, the 
wiring 101 becomes conducted with the fuel electrode 4. 

The oxygen -electrode -side cell frame 8 has a shape same 
as that of the fuel-electrode-side cell frame 1 . In the fuel 
cell 1 , grooves 82 formed on the oxygen -electrode -side cell frame 
8 constitute flow paths 81 for air. Through these flow paths 
81 , air is supplied to the oxygen electrode 5 . At the side where 
the grooves 82 are formed, portions of the surface that is not 
contributing to forming the grooves 82 are in contact with the 
oxygen electrode 5 (more specifically, the 
oxygen-electrode-outside 

water-repellent -material- containing layer 522 ) . In addition , 
the oxygen-electrode- side cell frame 8 is made of, for example, 
a material same as that of the fuel-electrode- side cell frame 
7. Thus, the oxygen-electrode- side cell frame 8 can function 
as a positive electrode side terminal. Therefore, in the fuel 
cell 1, if wiring 102 is connected to the oxygen- electrode -side 
cell frame 8, the wiring 102 becomes conducted with the oxygen 
electrode 5. 
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In the f u 1 cell 1 shown in FIG* 1 , the fuel -elect rode -side 
cell frame 7 and the oxygen-electrode-side cell frame 8 are 
arranged as the grooves 72 and the groov s 82 are almost orthogonal 
to each other. Therefore, in the fuel cell 1 shown in FIG* 1, 
the flow paths 71 and the flow paths 81 are in a positional relation 
such that they are almost orthogonal to each other. Thereby, 
constitution and arrangement of components for supplying 
hydrogen and air can be simplified. In FIG. 1, the flow paths 
71 extend in a vertical direction to the drawing surface, and 
the flow paths 81 extend in the up-and-down direction in FIG* 
1* 

The grooves 72 and the grooves 82 may not be put orthogonal 
to each other . 

If such cell frames are attached to the layered body 29, 
assembly of the fuel cell 1, wiring, and supply of fuel and air 
become easy. 

The cell frames may not be provided. 

(6) Aotion of the fuel cell 1 

Hereinafter, the action of the fuel cell 1 is described. 
In the following description, the action is explained in a 
model- like manner to make explanation plain. 

First, one end of the wiring 101 is connected to the 
fuel-electrode-side cell frame 7, and one end of the wiring 102 
is connected to the oxygen -electrode -side cell frame 8. 
Furthermore, the other ends of the wiring 101 and the wiring 
102 are connected to a load 109. 

Then, hydrogen gas is sent to the flow paths 71, and air 
is sent to the flow paths 81* Furthermore, liquid water 
(refrigerant) is sent to the flow paths 81. At this time, in 


FIG, 1, the hydrogen gas flows in a vertical direction to the 
drawing surface, and the air and water flow in an up-and-down 
dlr ction in FIG. 1. In this case, the amount of water supply 
should be set preferably in a range of about 0 . 1 to 1 . 0 mg/cm^ • sec 
though not particularly limited. 

It is preferable that the hydrogen gas be supplied under 
pressure. Thereby, efficiency of hydrogen gas utilization is 
enhanced. In this case, the supply pressure of the hydrogen 
gas should be set preferably in a range of about 0 . 5 to 1 kgf /cm^ . 
Hydrogen gas may not be supplied under pressure • 

When the hydrogen gas is sent to the flow paths 71, the 
hydrogen is supplied to the surface of the fuel electrode 4. 
Then, the hydrogen enters the fuel -diffusion layer 42 from the 
fuel-electrode-outside water-repellent -material -containing 
layer 422 . Then , the hydrogen passes through the fuel-diffusion 
layer 42 (the fuel-electrode-outside 

water-repellent-material-containing layer 422, the 
fuel-diffusion-layer core portion 421, and the 
fuel-electrode-inside water- r epellen t - material - cont aining 
layer 423) , being diffused in the fuel -diffusion layer 42, and 
reaches the fuel-reactive layer 41. 

When the air is sent to the flow paths 81 , oxygen is supplied 
to the surface of the oxygen electrode 5 . Then , the oxygen enters 
the oxygen-dif fusion layer 52 from the oxygen-electrode-outside 
water-repellent -material -containing layer 522. Then, the 
oxygen passes through the oxygen-diffusion layer 52 {the 
oxygen -elect rode - out s ide 

water-repellent-material-containing layer 522, the 
oxygen -diffusion -layer core portion 521, and the 
oxygen- electrode- inside water-repellent-material-containing 
layer 523), being diffused in the oxygen-diffusion layer 52, 
and reaches the oxygen -reactive layer 51. 
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When the liquid water is sent to the flow paths 81. it 
r aches the surface of the oxygen electrode 5 , but it is basically 
prevented from entering the ojcygen electrode 5. The reason is 
that since the water molecules flowing in the flow paths 81 are 
in the form of large aggregates (so-called large clusters), it 
is difficult for the water to pass through the 
oxygen - elect rode - out s ide 

water-repellent-material-containing layer 522 that has water 
repellency . 

In the fuel cell 1 of the present invention, the layer 
containing the water-repellent material 

( oxygen-eleotrode-outside 

water-repellent-material-containing layer 522) is provided at 
the surface portion of the electrode (oxygen electrode 5) to 
which water is supplied. Therefore . in the fuel cell 1 , a large 
amount of water is apt to not adhere to the surface of the oxygen 
electrode 5 - Thus , in the fuel cell 1 of the present Invention , 
the oxygen can easily enter the oxygen electrode 5. 

When the hydrbgen (H2) is supplied to the fuel-reactive 
layer 41. following reaction occurs in the fuel -reactive layer 
41 by the action of the catalyst. 

H2 — 2H* + 2e- (i) 

At this time . electrons ( e" ) generated in the fuel -reactive 
layer 41 move from the fuel-reactive layer 41 into the 
oxygen-reactive layer 51 through the fuel-diffusion layer 42, 
the fuel-electrode-side cell frame 7. the wiring 101, the load 
109, the wiring 102. the oxygen- electrode- side cell frame 8, 
and the oxygen-diffusion layer 52. During this process, the 
electrons work at the load 109. 


Furthermore, hydrogen ions (H*) generated in the 
fuel-reactive layer 41 move from the fuel-reactive layer 41 into 
the oxygen-reactive layer 51 through the electrolyte lay r 3. 

In the oxygen- reactive layer 51. from the oxygen (Oj) 
supplied from the flow paths 81. the electrons having passed 
through the wirings, and the hydrogen ions having moved through 
the electrolyte layer 3 . following reaction occurs by the action 
of the catalyst. ^ 

(1/2)02 + 2H* + 2e- -* H2O (ii) 

At this time, due to the difference of water pressures 
in the oxygen-reactive layer 51 and the oxygen -diffusion layer 
52. a capillary action, and etc.. much of the generated water 
(H2O) moves from the oxygen-reactive layer 51 through the 
oxygen-diffusion layer 52 and is discharged on the surface of 
the oxygen electrode 5 (the surface of the 
oxygen - electrode - out side 

water-repellent-material-containing layer 522) . In this case . 
since watermolecules passing through the oxygen-diffusion layer 
52 do not form aggregates, or. alternatively, even if the water 
molecules form aggregates, their size is small, they can pass 
through the oxygen-electrode-inside 

water-repellent-material-containing layer 523 and the 
oxygen-electrode-outside 

water-repellent-material-containing layer 522 smoothly. 

Going back slightly, referred to the above-mentioned 
equation (i) , the hydrogen ions generated in the fuel-reactive 
layer 41 move from the fuel-reactive layer 41 into the 
oxygen-reactive layer 51 through the electrolyte layer 3. At 
this time, the hydrogen ions migrate accompanying with water 
molecules . Therefore , in the fuel-reactive layer 41 . the amount 
of water tends to decrease. However, when the amount of water 
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in the fuel -react iv layer 41 decreases to some degree, the water 
begins to move back from the oxygen -reactive layer 51 into the 
fuel -reactive layer 41 due to the water concentration difference 
between the oxygen -reactive layer 51 and the fuel-reactive layer 
41 • In addition, in the fuel cell 1 of the present invention, 
the water in the fuel-reactive layer 41 is apt to not be diffused 
into the fuel -diffusion layer 42. Thus, in the fuel-reactive 
layer 41, the amount of water is prevented from being largely 
decreased. 

Consequently, because of the above-mentioned action, in 
the fuel cell 1 , the amount of water in the oxygen-reactive layer 
51 is apt to not become too large, and the amount of water in 
the fuel-reactive layer 41 is apt to not become too small. 
Therefore, the fuel cell 1 can generate electricity efficiently, 
and enables its cell output to be augmented. 

Due to the reactions shown in the above-mentioned equations 
(i) and (ii) , the layered body 29 as well as the reactive portion 
21 becomes hot, but the layered body 29 is efficiently cooled 
by the water supplied to the flow paths 81, 

In the above description, although the water is supplied 
to the oxygen electrode 5, water may be supplied to the fuel 
electrode 4 . Furthermore , water may not be supplied to the fuel 
cell 1. 

In the above description, although the air is supplied 
to the oxygen electrode 5, gas other than the air, such as pure 
oxygen gas, may be supplied to the oxygen electrode 5 as long 
as the gas contains oxygen molecules. 

(7) Method f producing the fuel cell 1 

The layered body 29 of the above-mentioned fuel cell 1 
can be produced, for example, by the process of preparing the 
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electrolyte layer 3, laminating the fuel electrode 4 on one 
surface of tbe electrolyte layer 3, and laminating the oxygen 
electrode 5 on the other surface of it^ 


(7.1) Produolng the fuel electrode 4 

Hereinafter, an example of a method of producing the fuel 
electrode 4 is described. 

First, the fuel -diffusion -layer core portion 421 is 
prepared. 

Next, the fuel -diffusion layer 42 is ohtained by the 
process of forming the fuel-electrode-outslde 
water-repellent-material-containing layer 422 and the 
fuel-electrode-inside water-repellent -material- containing 
layer 423 on both surfaces of the fuel-diffusion-layer core 
portion 421 , respectively . The 

water -repellent -material- containing layers can be formed, for 
example, by the process of coating constituent materials of the 
^ater-repellent -material-containing layer on the 
fuel- diffusion- layer core portion 421 , followed by drying them, 
and applying heat and pressure to this fuel-dif fusion-layer core 
portion 421. In this case, the heating temperature should be 
set preferably in a range of about 330 to 400 ec though not 
particularly limited • Furthermore , the applied pressure should 
be set preferably in a range of about 20 to 100 kg/cm^ though 
not particularly limited. 

Next, the fuel-reactive layer 41 is foxmed on the 
fuel-electrode-lnside water- repellent -material-containing 
layer 423 so as to obtain the fuel electrode 4 . The fuel -reactive 
layer 41 can be formed, for example, by the process of coating 
constituent materials of the fuel-reactive layer 41 on the 
fuel - electrode - inside water - rep lien t -material- cont aining 
layer 423, followed by drying them. 
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(7.2) Producing the xygen eleotr d 5 

The oxygen electrode 5 can be produced by the same method 
as that for the fuel electrode 4. 

(7.3) Producing the layered body 29 

The layered body (layered unit) 29 can be produced by the 
process of laminating the fuel electrode 4 on one surface of 
the electrolyte layer 3 and laminating the oxygen electrode 5 
on the other surface of the electrolyte^ layer 3 as the 
fuel-reactive layer 41 comes into contact with the electrolyte 
layer 3 and the oxygen- reactive layer 51 comes into contact with 
the electrolyte layer 3. 

For example, the fuel electrode 4, the electrolyte layer 
3, and the oxygen electrode 5 are laminated to one another by 
the process of stacking the fuel electrode 4 . the electrolyte 
layer 3, and the oxygen electrode 5, as each layer is disposed 
in the order described above, and applying heat and pressure 
to this stacked stuff. 

In this case, the heating temperature should be set 
preferably in a range of about 120 to 180 though not particularly 
limited. Furthermore , the applied pressure should be set 
preferably in a range of about 20 to 100 kg/cm^ though not 
particularly limited, 

(7.4) 

Thereafter , the fuel cell 1 as shown in FIG . 1 can be obtained 
by pinching the layered body 29 (fuel electrode 4 and the oxygen 
electrode 5) between the fuel-electrode-side cell frame 7 and 
the oxygen-electrode- side cell frame 8. 

Up to here, the fuel cell of the present Invention has 
been described based on the embodiment r f erred to the drawing. 
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but the present invention is not limited therein. 

For example, in the fuel-diffusion layer, the 
water-repellent -material -containing layer may be provided only 
on one surface of the fuel-diffusion layer. P\ir thermore , for 
example, in the oxygen -diffusion layer. the 
water-repellent-material-containing layer may be provided only 
on one sxirf ace of the oxygen-diffusion layer. Moreover, for 
example , the water-repellent-material-containing layer may not 
be provided. 

In the, above-mentioned embodiment, hydrogen is used as 
fuel, but, for example, methanol, hydrazine, and the like may 
be used as fuel. 

(8) Fuel cell device 

Hereinafter, a fuel cell device (fuel cell machine) 
employing the fuel cell 1 is described. 

PIG- 2 is a circuit diagram showing an embodiment of a 
fuel cell device according to the present invention. 

A fuel cell device 9 shown in FIG. 2 is equipped with the 
fuel cell 1 described above . This fuel cell device 9 can generate 
electricity by supplying fuel and oxygen to the fuel cell l. 
Hereinafter, the fuel cell device 9 is described more 
specifically. 

As shown in FIG. 2, the fuel cell device 9 has a cell unit 
91 accommodating the fuel cell 1, fuel supply means 92 for 
supplying hydrogen (fuel) to the fuel electrode 4 of the fuel 
cell 1, oxygen supply means 93 for supplying air (gas containing 
oxygen gas > to the oxygen electrode 5 of the fuel cell 1 , water 
supply means 94 for supplying water to the oxygen electrode 5, 
gas -liquid mixing means (gas -liquid supply means ) 95 for mixing 
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air and water to be supplied to the oxygen electrode 5, 
regeneration means 96 for regenerating wat r suppli d to the 
fuel cell 1, fuel exhaust means 97 for exhausting hydrogen 
supplied to the fuel electrode 4, and an output meter 98 for 
detecting and displaying the cell output of the fuel cell 1. 

The cell unit 91 accommodates at least one fuel cell 1. 

The fuel supply means (fuel supply line) 92 has a fuel 
source 921 for reserving hydrogen, a pipe 922 whose one end is 
connected to the flow paths 71 of the fuel cell 1 and whose other 
end is connected to the fuel source 921, and a valve 923 disposed 
on the pipe 922 . The fuel source 921 is composed of , for example , 
a cylinder. 

The oxygen supply means (oxygen supply line) 93 has a pipe 
931 whose one end is connected to the gas-liquid mixing means 
95 and ^ose other end is open to the atmosphere. 

The water supply means (water supply line) 94 has a tank 
941 for reserving water, a pipe 942 whose one end is connected 
to the gas -liquid mixing means 95 and whose other end is connected 
to the tank 941, a pump 943 disposed on the pipe 942 , a hydraulic 
sensor 944 disposed on the pipe 942 on a downstream side of the 
pump 943, a hypass line 945 branched from the pipe 942 whose 
one end is connected to a downstream side of the pump 943 and 
whose other end is connected to an upstream side of the pump 
943, a valve 946 disposed on the bypass line 945, and water level 
detecting means 947 disposed on and connected to the tank 941. 
The water level detecting means 947 has a function of detecting 
and monitoring the level of water reserved in the tank 941, and 
has a water level sensor 948 for detecting the level of water 
reserved in the tank 941, and an alarm 949 connected to the water 
level sensor 948. 
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The gas-liquid mixing means 95 has a nozzle 951 to which 
on end of the pipe 942 is connected, and a space (gas-liqviid 
supply chamber) 952 communicating with the flow paths 81 of the 
fuel cell 1. The pipe 931 of the oxygen supply means 93 
communicates with the space 952 . 

The regeneration means (regeneration line) 96 has a 
manifold (lower manifold) 966 for collecting the water that has 
passed through the flow paths 81, a regeneration unit (condenser 
for condensing water in air) 962 for separating the water and 
air that have passed through the flow paths 81, a pipe 961 whose 
one end is connected to the manifold 966 and whose other end 
is connected to the regeneration unit 962, an exhaust line 963 
whose one end is connected to the regeneration unit 962 and whose 
other end is open to the atmosphere, a valvei 964 disposed on 
the exhaust line 963, and a pipe 965 whose one end is connected 
to the regeneration unit 962 and whose other end is connected 
to the tanX 941. 

The fuel exhaust means (fuel exhaust line) 97 has a pipe 
971 whose one end is connected to the flow paths 71 and whose 
other end communicates with the space 952, and a valve 972 disposed 
on the pipe 971 • 

The above-mentioned constitution of the fuel cell device 
9 is optimum to operate the above-mentioned fuel cell 1. 

The fuel source of the fuel supply means can also be composed 
of, for example, a cylinder equipped with a hydrogen- storing 
alloy or the like. In this case, the fuel cell device should 
have a configuration in which the fuel source of the fuel supply 
means is integrated with the regeneration unit of the 
regenerati n means • Thereby , the hydrogen- storing alloy of the 
fuel source can be heated by the air (air which contains water) 
exhausted from the flow paths 81, In the fuel cell device 
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equipped with the hydrogen-storing alloy in its fuel source, 
if the hydrogen -storing alloy of the fuel source can be heated 
by the air exhausted tram the flow paths 81, the hydrogen can 
be supplied more smoothly from the hydrogen- storing alloy to 
the fuel cell 1. In addition, thereby, the air exhausted from 
the flow paths 81 is cooled, and the water and air that have 
passed through the flow paths 81 can be more efficiently separated 
from each other* 

The fuel supply means may have a configuration , for example , 
in which methanol is reserved in the fuel source, this methanol 
is decomposed so as to generate hydrogen, and this hydrogen is 
supplied to the fuel electrode. 

(9) Operation of the fuel cell device 9 

Hereinafter, the operation of the fuel cell device 9 is 
described. 

First, the pump 943 is run. Furthermore, the valve 923 
is opened at a certain opening . Moreover , the valve 964 is opened 
at a certain opening. 

When the valve 923 iis opened at a certain opening, hydrogen 
is supplied from the fuel source 921 to the flow paths 71 through 
the pipe 922. 

When the pump 943 is run, water in the tank 941 is supplied 
to the nozzle 951 through the pipe 942. At this time, 
water-supply pressure is detected by the hydraulic sensor 944. 
In the case where the water-supply pressure is high, an operator 
cein adjust the water-supply pressure by lowering the power of 
the pump 943. The operator can also adjust the water-supply 
pressure by opening the valve 946 at a certain opening atnd making 
the water partially circulate between the bypass line 945 and 
the pipe 951. 


The water supplied to the nozzle 951 is sprayed into the 
space 952 from the nozzle 951, and becomes atomized (particular). 

Air is supplied from the pipe 931 into the space 952. 

The water sprayed from the nozzle 951 and the air supplied 
from the pipe 931 are mixed in the space 952. The mixed water 
and air are supplied to the flow paths 81. 

Then, the fuel cell 1 generates electricity in the cell 
unit 91, using the hydrogen supplied by the fuel supply means 
92 and the air supplied by the oxygen supply means 93. 

The state of its cell output at this time is displayed 
on the output meter 98. 

The fuel cell 1 is efficiently cooled by the water supplied 
by the water supply means 94. 

The water and air that have passed through the fuel cell 
1 (flow paths 81) are collected by the manifold 966 • 

These water and air pass through the pipe 961 and flow 
into the regeneration unit 962. 

In the regeneration unit 962, the water is separated from 
the air. 

Furthermore, in the regeneration unit 962, hydrogen 
contained in the air exhausted from the fuel cell 1 is removed. 

The air from which the hydrogen has been removed is 
exhausted from the exhaust line 963. 
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The water in the regeneration unit 962 passes through the 
pipe 965 and flows into the tank 941 . Thereby, the water supplied 
to the fuel cell 1 is reused, and, as a result, the water is 
used effectively. Fxarthermore , by the above-mentioned 
configuration of the fuel cell device 9, the water generated 
in the oxygen-reactive layer 51 due to electricity generation 
and exhausted from the oxygen electrode 5 can also be effectively 
used as cooling water. 

In the fuel cell device 9, the level of water reserved 
in the tank 941 is being detected by the water level sensor 948- 
In the case where the level of water in the tank 941 becomes 
a predetermined value or higher, the alarm 949 warns . Therefore, 
the fuel cell device 9 can generate electricity more safely and 
reassuringly. 

In the case of finishing generating electricity, the 
operation of the pump 943 is terminated, and the valve 923 and 
the valve 964 are closed. Thereby, the operation of the fuel 
cell device 9 is stopped. Thereafter, the pressure in the flow 
paths 71 may be released by opening the valve 972 . This action 
further enhances the safety of the fuel cell device 9. 

As described above, if the fuel cell 1 hasthe configuration 
in which water is supplied to the oxygen electrode 5, the 
constitution of the fuel cell device 9 is simplified . In addition , 
handling and safety of the fuel cell device 9 are improved. 

Since the above-described fuel cell device 9 has the fuel 
cell 1 mentioned above, it can generate electricity more 
efficiently so that it can gain a high output. 

BXAMPLBS 

In the present specification, 'wt%'' means % by mass. 


(Example 1) 

A fuel cell with the constituent described below was 
produced. In this fuel cell, the water repellency of its 
fuel-diffusion layer was set higher than that of its 
oxygen-diffusion layer. 

< Constitution of the fuel cell > 
« Constituent of the fuel electrode » 

Fuel-diffusion layer 

•Fuel -diffusion -layer core portion 

-Constituent material: Carbon cloth 
-Thickness: 360 

• Fuel-electrode-inside water-repellent-material-containing 
layer 

-Constituent material: (i) Carbon powder (average 
particle diameter 0 . 03 ^m; "Denka Black" produced by Denki Kagaku 
Kogyo Co., Ltd.) 50 wt%: (ii) Polytetraf luoroethylene 50 wt% 
(The polytetrafluoroethylene was carried by (mixed with) the 
carbon powder) 

-Thickness: 30 m™ 

•Fuel-electrode-outside water-repellent -material-containing 
layer 

-constituent material: (i) Carbon powder (average 
particle diameter 6.03 urn; 'Denka Black' produced by Denki Kagaku 
Kogyo Co.. Ltd.) 50 wt%; (ii) Polytetrafluoroethylene 50 wt% 
(The polytetrafluoroethylene was carried by the carbon powder) 

-Thickness: 30 iun 

Pael-reaotlve layer 

-Constituent material: (i) Platinum catalyst (Pt 100 at %. 
average particle diameter 2 nm, specific surface area 100 mVg) 
35 wt%: (ii) Carbon powder (average particle diameter 0.03 \m) 
35 wt%; (iii) Nafion (produced by Aldrich Corporation, Nafion 
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shown below was same as this iinless specified otherwise) 30 wt% 
(The platinum catalyst is carried by the carbon powder) 
-Thickness: 20 \m 

« Constituent of an electrolyte layer » 

-Constituent material: Nafion 112 (produced by Du Pont 
Corporation) 

-Thickness: 50 jmi 

« Constituent of an oxygen electrode » 

Oxygen-diffusion layer ---- 

•Oxygen-diffusion-layer core portion 

-Constituent material : Carbon cloth 
-Thickness: 360 \un 

• Oxygen-electrode - inside 
water-repellent-material-containing layer 

-Constituent material: (i) Carbon powder (average 
particle diameter 0.03 fim; 'Denka Black" produced by Denki Kagaku 
KogyoCo., Ltd.) 65 wt%; (ii) Polytetraf luoroethylene 35 wt% 
(The polytetraf luoroethylene was carried by the carbon powder) 

-Thickness: 20 pm 

• Oxygen - electrode - out s ide 
water-repellent -material-containing layer 

-Constituent material: (i) Carbon powder (average 
particle diameter 0 , 03 fim; "Denka Black" produced by Denki Kagaku 
Kogyo Co., Ltd. ) 65 wt%; (ii) Polytetraf luoroethylene 35 wt% 
(The polytetraf luoroethylene was carried by the carbon powder) 

-Thickness: 20 ^m 

Oxygen -reactive layer 

-Constituent material: (i) Platinum catalyst (Pt 100 at %, 
average particle diameter 2 nm, specific surface area lOOm^/g) 
35 wt%; (ii) Carbon powder (average particle diameter 0.03 \m) 


35 wt% (The platinum catalyst was carried by the carbon powder) ; 
(ili) Nafion 30 wt% 

-Thickness: 20 nm 

The fuel electrode was produced by following processes. 
First , carbon powder and polytetraf luoroethylene were mixed and 
dispersed in ethyl acetate (dispersion medium; dispersion media 
below are same as this ) in the composition ratio described above . 
Then, the mixed dispersion liquid was coated on both surfaces 
of carbon cloth (fuel -diffusion -layer core portion) , followed 
by drying it. Then, this carbon cloth was hot-pressed under 
the condition of 360 QC and 60 kg/cm^. Thereby, the 
fuel -diffusion layer with the above-mentioned thickness was 
obtained. Next, a mixed dispersion medium, which was obtained 
by mixing and dispersing a platinum catalyst, carbon powder, 
and Nafion In the above-mentioned composition ratio, was coated 
on one surface of the fuel- diffusion layer (on one 
water-repellent -material-containing layer) , followed by drying 
it. Thereby, the fuel -reactive layer with the above-mentioned 
thickness was formed on the fuel-diffusion layer . In other words . 
the fuel electrode with the above-mentioned constitution and 
constituent was obtained. 

By doing a similar manner, an oxygen electrode with the 
above- described constitution and constituent was obtained. 

Next, the fuel electrode, the electrolyte layer, and the 
oxygen electrode were stacked on top of the other as their layers 
were situated in following order: 'fuel-diffusion layer / 
fuel- reactive layer / electrolyte layer / oxygen-reactive layer 
/ oxygen^dif fusion layer' • Then, the stacked stuff was 
hot-pressedunder the condition of 130 aCand40kg/cm^. Thereby, 
th layered body (substantial fuel cell) was obtained. 

In the obtained fuel-diffusion layer, the water contact 
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angle (average of those on its both surfaces) on the surface 
of the fuel-diffusion layer was 150^ The porosity of the 
fuel-electrode-inside water-repellent-material-containing 
layer was 45%. The porosity of the fuel-electrode-outside 
water-repellent -material-containing layer was 45%. 

In the obtained oxygen-diffusion layer , the water contact 
angle (average of those on its both surfaces) on the surface 
of the oxygen-diffusion layer was 150^^ The porosity of the 
oxygen-electrode-inside water -repellent -material -containing 
layer was 55%. The porosity of the oxygen-electrode-outside 
water-repellent -material-containing layer was 55%. 

(Bzample 2) 

A fuel cell same as that of Example 1 except the shown 
below was produced by the same way described above. In this 
fuel cell, the water repellency of its fuel-diffusion layer was 
set higher than that of its oxygen-diffusion layer. 

« Constituent of the fuel electrode » 
.... Fuel-diffusion layer 

•Fuel-electrode-inside water-repellent -material-containing 

layer 

-constituent material: (i) Carbon jpowder (average 
part icle diameter 0 . 03 jim; * Denlca BlacX" produced by Denki Kagaku 
Kogyo Co.. Ltd.) 50 wt%; (ii) Polytetraf luoroethylene 50 wt% 
(The polytetraf luoroethylene was carried by the carbon powder) 

-Thicltness: 30 \m 

•Fuel-electrode-outside water-repellent-material-containing 
layer 

-constituent material: (i) Carbon powder (average 
particle diameter 0 . 03 [im; "Denka Black" produced by Denki Kagaku 
Kogyo CO.. Ltd.) 50 wt%; (ii) Polytetraf luoroethylene 50 wt% 
(The polytetraf luoroethylene was carried by the carbon powder) 
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-Thickness: 30 fun 


<< C nstltuent of an oxyg n el ctrod » 

Oxygen- diffusion layer 

* Oxygen -electrode - inside 

water- repellent -material - containing layer 

-Constituent material: (i) Carbon powder (average 
particle diameter 0-03 pm: "Vulcan XC-72' produced by Cabot 
Corporation) 60 wt%; (ii) Polytetrafluoroethylene 40 wt% (The 
polytetrafluoroethylene was carried by the carbon powder) 

-Thickness: 30 \m 

• Oxygen-electrode-out side 
water-repellent-material-containing layer 

-Constituent material: (i) Carbon powder (average 
particle diameter 0.03 tm; "Vulcan XC-72" produced by Cabot 
Corporation) 60 wt%; (ii) Polytetrafluoroethylene 40 wt% (The 
I>olytetraf luoroethylene was carried by the carbon powder) 

-Thic3cness ; 30 ^m 

As supplemental remarks, in the present example, the 
inventers of the present invention used the carbon powder ( "Denka 
Black" produced by Denki Kagaku Kogyo Co., Ltd.) for the 
fuel-electrode-inside water-repellent-material-containing 
layer and the f uel-electrode-outside 

water-repellent -material -containing layer, whose water 
repellency was higher than that of the carbon powder ( "Vulcan 
XC-72" produced by Cabot Corporation) for the 
oxygen - elect rode - ins ide water - repellent -material - containing 
layer and the oxygen-electrode-outside 

water-repellent-material-contalnlng layer. 

In the obtained fuel -diffusion layer, the water contact 
angle (average of those on its both surfaces) on the surface 
of the fuel-diffusion layer was 150°. The porosity of the 


fuel -electrode -inside water-repellent -material-containing 
layer was 45%- The porosity of the fuel-electrode-outside 
water-repellent-material-containing layer was 45%. 

In the obtained oxygen-dif fusion layer, the water contact 
angle (average of those on its both siirfaces) on the surface 
of the oxygen-diffusion layer was 130^. The porosity of the 
oxygen - e lec t r ode - ins ide wat er - repe llent -material - c ont aining 
layer was 55%. The porosity of the oxygen -electrode -outside 
water- repellerit-material-containing layer was 55%. 

(Comparative Bxaiople) 

A fuel cell same as that of Example 1 except the shown 
below was produced by the same way described above. In this 
fuel cell, the water repellency of the fuel-diffusion layer and 
that of the oxygen-diffusion layer were set equal to each other . 

« Constituent of the fuel electrode » 

Puel-dif fusion layer 

* Fuel-electrode-inside water-repellent -material -containing 
layer 

-Constituent material: (i) Carbon powder 65 wt%; (ii) 
Polytetraf luoroethylene 35 wt% 
-Thickness: 30 

•Fuel-electrode-outside water-repellent -material-containing 
layer 

-Constituent material; (i) Carbon powder 65 wt%; (ii) 
Polytetraf luoroethylene 35 wt% 
-Thickness: 30 pm 

<< Constituent of the oxygen electrode » 

Oxygen -diffusion layer 

•Oxygen-el ctrode-inside 

water-repellent-material-containing layer 
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-Constituent material: (i) Carbon powder 65 wt%; (ii) 
Polytetraf luoroethylene 35 wt% 
-Thickness: 30 fim 

* Ojcy gen - e lec t rode - out s ide 
water-repellent -material - containing layer 

-Constituent material: (i) Carbon powder 65 wt%; (ii) 
Polytetraf luoroethylene 35 wt% 

-Thickness: 30 fun 

( Evaluation ) 

Cell frames (a fuel-- electrode- side cell frame and an 
oxygen-electrode- side cell frame) were fixed on the layered body 
that was obtained in each of the examples and comparative example 
so that the fuel cell was assembled individually. 

Next, two fuel cells were set in a cell unit in parallel. 
Then, the cell unit was installed in a fuel cell device as shown 
in FIG. 2. More specifically, each fuel cell device equipped 
with the fuel cells obtained in each example (or comparative 
example) was obtained . 

Next# the fuel cell devices were operated under the 
conditions that the supply pressure of hydrogen gas was 0.9 
kgf /cm^ and the amount of water supply to the oxygen electrodes 
was 0.66 mg/cm^*sec so that they generated electricity. 

Then, the current density - voltage relations 
(characteristics) of the fuel cells obtained in each of the 
examples and comparative example were measured. 

PIG. 3 shows the results. 

As shown in FIG. 3 , the current densities of th fuel cells 
of the present examples were higher than that of the fuel cell 
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of the comparative example in a usual operating voltage range 
of fuel cells. 

It was confirmed from the above results that the fuel cells 
of the present examples enabled high cell outputs to be obtained . 

As described above, according to the present inventions, 
cell outputs of fuel cells can be enhanced. 

Thus, according to the present inventions, fuel cells and 
fuel cell devices , which bring high cell outputs , can be provided . 

Finally, it is to be noted that present invention is no 
way limited to the examples described above, and many changes 
and additions may be made without departing from the spirit of 
the present invention, which is defined by the following claims • 
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